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Research Program
CAPCE's interdisciplinary research is supported by industry
(over 20 companies are active members), the National

Advanced molding technology for polymer micro/nano-fabrication.

Science Foundation, the State of Ohio's Thomas Edison
Program, and The Ohio State University. The research con-
centrates on manufacturing polymeric materials via melt,
powder, and reactive liquids, and forming from sheet and
bulk materials. Interactions among materials, part design,
processing conditions, and product properties are key con-
cerns. The program is structured according to the four
areas of emphasis described below.

The Thermaplastic Processing thrust area focuses on poly-
mer rheology and advanced processing techniques such as
injection molding (IM), gas-assist and thin-wall IM, and
extrusion technology. Both this and the following area of
emphasis address demands for reduced part weight and
faster cycle times while maintaining part strength and
appearance.

The Thermoset Polymers and Composite Manufacturing
thrust area studies resins, fibers, composites, and
nanocomposites. Some of the current projects include
material characterization, process analysis and modeling of
liquid molding processes (RTM, SCRIMP and injection-pul-
trusion), development and characterization of low pressure
SMC and BMC, application of low-profile additives to com-
posite processing, in-situ permeability measurement, and
carbon nanotube reinforced composites.

The Integral Attachment (Snap-Fit) Design thrust area is
advancing snap-fit design from an art to an engineering sci-
ence. The goal is to develop snap-fits with at least an order
of magnitude increase in performance as compared to con-
ventional designs. This will allow the use of snap-fits in
applications for which they are currently not suited.

The Integrated Development of Composite Products and
Processes thrust area studies the various life cycle issues
regarding affordable composite materials using an integrat-
ed product and process development approach. The goal is
to make advanced composite materials affordable through
the development and deployment of process modeling,
design optimization, lifecycle cost estimation, and statistical
process control.

Technology Deployment

Examples of CAPCE's research advances that are improving
industrial practice include:

e A comprehensive analytical tool for characterizing and



Polymeric throttlebody designed by Integral
Attachment Design Thrust Area

simulating the liquid composite molding
(LCM) process was developed and
successfully applied to industrial applications
at Dow Chemical, GenCorp, and General
Motors. Some of the code was adapted to a
commercial software package, C-SET, for
wider usage.

Effects of macro- and micro-voids on
mechanical properties in liquid composite
molding were investigated and a model
developed. A patent was shared with industry
for "A Computer Code Capable of Simulating
Dry Spot Formation and Changes in Liquid
Composite Molding."

The Geon Company is using CAPCE
computational tools to aid in optimizing PVC
compound processing. A computational flow
simulation predicts the level of PVC

Sumitomo 200-ton high speed/high pressure injection molding machine.

degradation throughout a molded part. This
simulation is used by part designers and
molders to eliminate or reduce degradation
of PVC compounds.

e U.S. Precision Lens obtained stiffness data
from the Integral Attachment facility. Lens
housings were tested and the data combined
with CAPCE-developed models to develop a
new generation of lens housings, yielding
increased production, higher strength, and
overall cost savings.

e More than 20 new technical reports are
released each year to industry members. In
addition, scores of visits and demonstrations
transfer new CAPCE innovations in polymer
and composite engineering to industry.

e Regional workshops introduced the latest
snap-fit technologies and modeling
approaches to 500 industry participants.

e A comprehensive, integrated manufacturing
and quality control tool was developed and
validated against Lockheed Martin Missiles
and Fire Control-Orlando’s composite struc-
tures and production data.

Facilities

Over $4 million in modern equipment is housed

in the laboratories below.

e Investigators at the injection molding facility
evaluate injection molding processes in con-
ventional, gas-assisted, and thin-wall appli-
cations.

e Research at the extrusion facility investigates
supercritical fluids-enhanced polymer/com-
posite blending and microcellular foaming.

e The rheologic measurement
facility helps researchers
characterize the behavior of
materials by measuring the
viscous and viscoelastic
properties of polymers.

e Work at the composite
manufacturing facility
emphasizes reactive liquid
molding, injection pultrusion, in-
mold coatings, electronic pre-
pregs, sheet molding compound
manufacturing, compression
molding, and accelerated aging.

e The mechanical testing facility
evaluates the mechanical
performance of plastic part
assemblies by testing existing
and proposed snap-fit designs.

e Research at the analytical facility
characterizes the behavior of
polymers by measurement and
analysis, reaction kinetics,

strength and surface quality, and permeability
and shrinkage.

e A microfabrication facility develops polymer-
based microfabrication technology in
precision injection molding, embossing, and
reactive molding for new applications in bio-
and chemical-MEMS and other industries.
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